METHOD AND APPARATUS FOR REDUCING SYSTEM DETERIORATION 
CAUSED BY POLARIZATION EFFECTS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical 
communication method and apparatus, and more particularly to a 
method and apparatus for reducing system deterioration caused 
by polarization effects encountered in an optical 
communication system. 

Description of the Related Art 

Following the current trend of rapidly increasing a 
transfer rate and a transmission distance of an optical 
communication system, a variety of phenomena encountered by 
polarization effects have recently been proposed as principal 
factors in deterioration of system performance. For example, an 
optical signal-to-noise ratio (SNR) is degraded by a PDG 
(Polarization-Dependent Gain) and a PDL (Polarization-Dependent 
Loss) in a long-distance optical communication network using an 
EDFA (Erbium-Doped Fiber .Amplifier), resulting in deterioration 
of system performance. The aforementioned problem can be 
considerably improved by reducing a DOP (Degree Of 
Polarization) of a transmission optical signal, such that there 



has generally been proposed a method for . controlling a 
transmission end to perform a scrambling process on a signal's 
polarization. However, the polarization scrambling process 
allows the signal's polarization state to be uniformly 
distributed in the form of two orthogonal polarization states, 
resulting in the increased influence of a PMD (Polarization- 
Mode Dispersion) . Therefore, not only the polarization 
scrambling process but also the appropriate PMD operation must 
be carried out to guarantee a performance of a high-speed and 
long-distance optical communication system. 

In order to solve the aforementioned problems, a 
representative method for controlling a transmission end to 
apply a signal to either one of reference polarization axes of 
an optical path so as to compensate for the PMD has been 
described in PCT International Application Publication No. WO 
01/65733, which is hereby incorporated by reference. However, 
the aforementioned PCT International Application WO 01/65733 
has been designed to reduce only the influence of the PMD, such 
that it has difficulty in actively solving the optical signal 
deterioration problem caused by the polarization effects. In 
conclusion, if the influence of the PMD can be reduced and a 
signal's performance can be improved, the deterioration problem 
of the optical signal can also be effectively improved. 



SUMMARY OF THE INVENTION 



Therefore, the present invention has been made in view 
of the above problems, and it is an object of the present 
invention to provide a method and apparatus for reducing 
system deterioration so that it can acquire a receiver 
sensitivity gain without encountering the attenuation of an 
optical signal's intensity caused by a polarization effect 
such as a'PMD (Polarization Mode Dispersion). 

It is another object of the present invention to provide 
a method and apparatus for reducing system deterioration so 
that it can effectively prevent a DOP (Degree Of Polarization) 
from being increased by the PMD, resulting in the maintenance 
of a low DOP. 

In accordance with one aspect of the present invention, 
the above and other objects can be accomplished by the 
provision of a method for reducing system deterioration caused 
by polarization effects when an optical signal is transmitted 
to a destination using an optical transmission system having an 
optical path comprised of fast and slow polarization axes, 
comprising the steps of: a) controlling a transmission end to 
divide the optical signal into two polarization components 
orthogonal to each other within one bit before transmitting the 
optical signal so that a PMD (Polarization Mode Dispersion) can 
be compensated in the optical path; and b) applying one 



polarization component of the two orthogonal polarization 
components to the fast polarization axis of the optical path, 
applying the other polarization component of the two orthogonal 
polarization components to the slow polarization axis of the 
optical path, and reducing the influence of the PMD using a 
predetermined effect indicative of a pulse width reduction 
caused by the PMD. 

Preferably, the step (a) includes the steps of: al) 
controlling a first intensity modulator driven by a data signal 
to modulate an output signal of a light source into an NRZ (Non 
Return to Zero) signal; a2) controlling a second intensity 
modulator driven by a clock frequency signal synchronized with 
the data signal to modulate the NRZ signal into an RZ (Return 
to Zero) signal; and a3) applying the RZ signal to a component 
inducing a DGD (Differential Group Delay) corresponding to 
30-70% of a period of the data signal at an angle of 45° with 
respect to a reference polarization axis so that only one 
polarization component is delayed by 30-70% of the data 
signal's period. 

Preferably, the component inducing the DGD at the step 
(a3) is indicative of a PMF (Polarization Maintaining Fiber) . 

Preferably, the step (a) includes the steps of: al) 
controlling an intensity modulator driven by a data signal to 
modulate an output signal of a light source into an NRZ (Non 
Return to Zero) signal; and a2) controlling a polarization 



modulator driven by a clock frequency signal synchronized with 
the data signal to return the NRZ signal to a signal polarized 
by a predetermined ratio 30-70% within one bit, whereby the 
output optical signal of the transmission end can 
simultaneously contain two polarization components within one 
bit. 

Preferably, the step (a) includes the step of: performing 
a signal modulation process, such that one sub-polarization 
component contained in two orthogonal polarization components 
(each composed of two sub-polarization components) between 
nearby bits has the same phase as the other sub-polarization 
component, and a remaining sub-polarization component contained 
in the two orthogonal polarization components between nearby 
bits has a phase opposite to that of a counterpart sub- 
polarization component of the remaining sub-polarization 
component . 

Preferably, the step (a) includes the steps of: al) 
controlling a first intensity modulator driven by a data 
signal to modulate an output signal of a light source into an 
NRZ (Non Return to Zero) signal; a2) controlling a second 
intensity modulator driven by a clock frequency signal 
synchronized with the data signal to modulate the NRZ signal 
into an RZ (Return to Zero) signal; a3) controlling a 
polarization modulator driven by a square or sinusoidal wave 
corresponding to a half the clock frequency signal to change a 



polarization direction at intervals of one bit so that 
individual nearby bits of the RZ signal have polarization 
states orthogonal to each other; and a4) applying individual 
bits of the RZ signal being polarization-modulated for every 
bit generated at the step (a3) to a component inducing a DGD 
(Differential Group Delay) corresponding to 30-70% of a period 
of the data signal at an angle of 45° with respect to a 
reference polarization axis, dividing each bit into two 
polarization components, and delaying only one polarization 
component of the two polarization components by 30-70% of the 
data signal period, whereby the two polarization components 
are simultaneously contained in just one bit, one of the two 
polarization components has the same phase as that of a nearby 
bit, and the other one has a phase opposite to that of the 
nearby bit. 

In accordance with another aspect of the present 
invention, there is provided an apparatus for reducing system 
deterioration caused by polarization effects, comprising: a 
transmission end, wherein the transmission end includes: a 
light source; a first intensity modulator driven by a data 
signal, for modulating an output signal of the light source 
into an NRZ (Non Return to Zero) signal; a second intensity 
modulator driven by a clock frequency signal synchronized with 
the data signal, for modulating the NRZ signal received from 
the first intensity modulator into an RZ (Return to Zero) 



signal ; a polarization modulator driven by a signal having a 
frequency equal to a half a frequency of the clock frequency 
signal, for modulating the RZ signal received from the second 
intensity modulator into another signal so that individual 
nearby bits have polarization components orthogonal to each 
other; a PMF (Polarization Maintaining Fiber) for controlling 
a polarization direction of the polarization-modulated signal 
to be equal to an angle of 45° on the basis of its own 
polarization axis, and generating a difference between group 
velocities of two orthogonal polarization components; and a 
transmission end polarization controller positioned between 
the polarization modulator and the PMF, for controlling the 
polarization direction of the polarization-modulated signal. 

In accordance with yet another aspect of the present 
invention, there is provided an apparatus for reducing system 
deterioration caused by polarization effects, comprising: a 
transmission end, wherein the transmission end includes: a 
light source; a first intensity modulator driven by a data 
signal, for modulating an output signal of the light source 
into an NRZ (Non Return to Zero) signal; a second intensity 
modulator driven by a clock frequency signal synchronized with 
the data signal, for modulating the NRZ signal received from 
the first intensity modulator into an RZ (Return to Zero) 
signal; a PMF (Polarization Maintaining Fiber) for controlling 
a polarization direction of the polarization-modulated signal 



to be equal to an angle of 45° on the basis of its own 
polarization axis, and generating a difference between group 
velocities of two orthogonal polarization components; and a 
transmission end polarization controller positioned between the 
second intensity modulator and the PMF, for controlling a 
polarization direction of the modulated RZ signal. 

In accordance with yet another aspect of the present 
invention, there is provided an apparatus for reducing system 
deterioration caused by polarization effects, comprising: a 
transmission end, wherein the transmission end includes: a 
light source; a first intensity modulator driven by a data 
signal, for modulating an output signal of the light source 
into an NRZ (Non Return to Zero) signal; a polarization 
modulator driven by a clock frequency signal synchronized with 
the data signal, for performing a polarization modulation 
process so that the modulated NRZ signal can simultaneously 
contain two orthogonal polarization components within one bit; 
and a transmission end polarization controller for controlling 
a polarization direction of the polarization-modulated NRZ 
signal . 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects, features and other 
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advantages of the present invention will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings , in which: 

FIG. 1 is a conceptual diagram illustrating the 
5 principle of a method for reducing system deterioration caused 

by all the polarization effects (e.g., PMD, PDG, and PDL, 
etc.) in accordance with a preferred embodiment of the present 
invention; 

FIG. 2 is a block diagram illustrating an apparatus of 
10 the present invention (particularly, a transmission end) in 

accordance with a preferred embodiment of the present 
invention; 

FIG. 3 is a block diagram illustrating an experimental 
device for verifying the validity of a method for use in the 
15 present invention; 

FIG. 4 is a graph illustrating receiver sensitivities 
measured by continuously changing a DGD (Differential Group 
Delay) value to another value in the experimental device of 
FIG . 3; 

20 FIG. 5 is a graph illustrating eye shapes varying with a 

variety of DGD values in the experimental device of FIG. 3; 

FIG. 6 is a graph illustrating DOP values varying with 
the DGD values in the experimental device of FIG. 3; 

FIG. 7 is a conceptual diagram illustrating the 
25 principle of an inventive method for simplifying a 
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configuration of the transmission end so as to compensate for 
only the PMD in accordance with another preferred embodiment 
of the present invention; 

FIG. 8 is a block diagram illustrating a device for 
5 implementing the method shown in FIG . 7 in accordance with 

another preferred embodiment of the present invention; and 

FIG. 9 is a block diagram illustrating a device for 
implementing the method shown in FIG. 7 in accordance with yet 
another preferred embodiment of the present invention. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will 
15 be described in detail with reference to the annexed drawings. 

In the drawings, the same or similar elements are denoted by 
the same reference numerals even though they are depicted in 
different drawings. In the following description, a detailed 
description of known functions and configurations incorporated 
20 herein will be omitted when it may make the subject matter of 

the present invention rather unclear. 

FIG. 1 is a conceptual diagram illustrating the 
principle of a method for reducing system deterioration caused 
by all the polarization effects (e.g., PMD, PDG, and PDL, 
25 etc.) in accordance with a preferred embodiment of the present 
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invention. According to the method of FIG. 1, a transmission 
end divides a polarization part of an NRZ (Non Return to Zero) 
signal into two parts orthogonal to each other within one bit, 
resulting in a predetermined polarization state where A x is 
orthogonal to A y and B x is also orthogonal to B y . Also, the 
method of FIG. 1 controls phases of A x and B x to be opposed to 
each other, such that it can prevent a signal DOP from being 
increased again by the PMD. In this case, provided that the 
phase of A x is equal to the phase of B x , the PMD is carried out 
while the optical signal runs on an optical path 110 having 
the PMD problem, a part formed by the sum of A x and A y and the 
other part formed by the sum of B x and B y have the same 
polarization parts, respectively, resulting in an increased 
signal DOP. However, the inventive method controls the 
overlapped parts formed by the PMD to have polarizations 
orthogonal to each other, such that it can effectively prevent 
the DOP from being increased. Also, the present invention 
uses an automatic polarization controller 100 to avoid mutual 
interference between bits generated by the PMD, such that the 
A x (or B x ) component contained in an optical signal generated 
from the transmission end is applied to a slow polarization 
axis of an optical transmission path, and the A y (or B y ) 
component contained in the same optical signal is applied to a 
fast polarization axis of the optical transmission path. 
Therefore, if an optical signal undergoes the PMD on the 



optical transmission path, the A x (or B x ) component is 
overlapped with the A y (or B y ) component, so that the NRZ 
signal is converted into an RZ (Return to Zero) signal. In 
this way, the aforementioned method avoids mutual interference 
5 between bits caused by the PMD, and converts the NRZ signal 

into the RZ signal, such that it can improve the receiver 
sensitivity when the optical signal undergoes the PMD. In the 
meantime, the optical signal received over the optical path 
110 is partially branched by an optical tap 120 such that the 

10 branched result data is monitored by a monitor 130. The 

monitored result data is transmitted to the controller 150 
over a control channel 140, such that the automatic 
polarization controller 100 is controlled by the controller 
150 according to a feed-back control scheme. 

15 FIG. 2 is a block diagram illustrating an apparatus of 

the present invention (particularly, a transmission end) in 
accordance with a preferred embodiment of the present 

3 
i 

invention. Referring to FIG. 2, a first intensity modulator 



210 driven by a data signal modulates an output signal of a 
20 laser diode 200 acting as a light source into an NRZ signal. 

The modulated signal generated from v the first intensity 
modulator 210 is re-modulated by a second intensity modulator 
220 driven by a clock frequency signal synchronized with the 
data signal, resulting in an RZ signal. This RZ signal is 
25 modulated by a polarization modulator 230 driven by a signal 
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having a half-clock frequency so that individual nearby bits 
have polarizations orthogonal to each other. A transmission 
end polarization controller 240 fixes a polarization direction 
of the polarization-modulated signal to a predetermined angle 
5 of 45° with respect to a polarization axis of a PMF 

(Polarization Maintaining Fiber) 250, and then the 
polarization-modulated signal is applied to the PMF 250. The 
PMF 250 generates a difference of group velocities between two 
polarization axes, such that each bit . is divided into two 

10 polarization components and an optical signal created by 

delaying only one of the two polarization components by the 
length of a half bit can be acquired as an output signal of 
the transmission end. 

FIG. 3 is a block diagram illustrating an experimental 

15 device for verifying the validity of a method for use in the 

present invention. In the drawings, the same or similar 
elements are denoted by the same reference numerals even though 
they are depicted in different drawings. Referring to FIG. 3, 
the experimental device includes the transmission end shown in 

20 FIG. 2, and further includes a pattern generator 300, a 

frequency divider 310, and a phase delay 320, so that it can 
generate a variety of signals (i.e., a data signal, a clock 
frequency signal, and a half-clock frequency signal) to operate 
the first and second intensity modulators 210 and 220 and the 

25 polarization modulator 230. Furthermore, the device shown in 
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FIG. 3 further includes a first-order PMD emulator 260 for 
copying the optical path 110 having the first-order PMD shown 
in FIG. 1, transmits an output signal of the first-order PMD 
emulator 260 to a receiver 270, and analyzes the output signal 
5 of the first-order PMD emulator 260 using a communication 

analyzer 280 and a polarization analyzer 290. 

Operations of the experimental device shown in FIG. 3 
will hereinafter be described in detail. The first intensity 
modulator 210 modulates an output signal of the laser diode 200 

10 into an NRZ signal of lOGb/s (i.e., a Pseudo Random Binary 

Signal (PRBS) of 2 31 -1) . The second intensity modulator 220 
modulates the lOGb/s NRZ signal into an RZ signal. This RZ 
signal is modulated by a LiNb03 polarization modulator 230 such 
that individual nearby bits can have polarizations orthogonal 

15 to each other. The experimental device of FIG. 3 uses a LiNb0 3 

external modulator as the first and second intensity modulators 
210 and 220. The polarization-modulated signal is applied to 
the PMF 250 at an angle of 45° over the transmission end 
polarization controller 240, such that each bit is divided into 

20 two polarization components and only one polarization component 

between the two polarization components is delayed by a half 
bit. In order to allow receiver sensitivity of the signal 
modulated by the above method to be equal to a general NRZ 
signal, the device of FIG. 3 sets a DGD (Differential Group 

25 Delay) value of the PMF 250 to a predetermined value of 34ps. 
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The optical signal generated from the PMF 250 is transmitted to 
a polarization controller 100 for setting a polarization 
direction of the optical signal to a polarization axis of the 
first-order PMD emulator 260 needed to copy out the optical 
5 path, and is then applied to the first-order PMD emulator 260. 

The optical signal generated from the first-order PMD emulator 
260 is transmitted to the receiver 270, and is analyzed by the 
communication analyzer 280 and the polarization analyzer 290. 
In this way, in the case where the first-order PMD operation is 
10 performed on the optical signal, receiver sensitivity (measured 

in the case of a bit error rate 10" 9 ) and DOP (Degree Of 

i 

Polarization) information of the optical signal are measured as 
shown in FIGs. 4 to 6. j 

FIG. 4 is a graph illustrating receiver sensitivities 

15 measured 'by continuously changing a DGD (Differential Group 

Delay) value in the range from Ops to 120ps. In the case 
where the DGD value is less than a predetermined value of 
lOOps indicative of one period of the lOGb/s signal, receiver 
sensitivity can be increased to a maximum value of 1 . 3dB 

20 because the NRZ signal is converted into the RZ signal during 

the above period of the lOGb/s signal. 

FIG. 5 is a graph illustrating eye shapes varying with a 
variety of DGD values for use in the experimental device of 
FIG. 3. As shown in FIG. 5, if the DGD value is set to a 

25 predetermined value of Ops, it can be seen that the signal's 
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eye shape is almost equal to that of a general NRZ signal. 
However, if the DGD value is set to 50ps, the signal is 
converted into the RZ signal, such that the signal's receiver 
sensitivity can be improved by the PMD. If the DGD value is 
5 higher than lOOps, the signal's eye is gradually closed and 

mutual interference between bits unavoidably occurs, resulting 
in deterioration of receiver sensitivity. 

FIG. 6 is a graph illustrating DOP (Degree Of 
Polarization) values varying with the DGD values for use in 

10 the experimental device of FIG. 3. In order to compare the 

method of the present invention with the conventional 
polarization scrambling method, the present invention measures 
a DOP varying with the PMD in regard to even a polarization 
scrambling method for use with a synchronized clock frequency. 

15 Referring to FIG. 6, in the case of using the conventional 

polarization scrambling method, the higher the DGD value, the 
higher the DOP value within a maximum range of 70%. In more 
detail, two polarization components divided by the scrambling 
method are combined with each other while experiencing the 

20 PMD, resulting in one polarization component, so that the 

higher the DGD value, the higher the DOP value within a 
maximum range of 70%. However, in the case of using the 
method of the present invention, a signal's DOP value can be 
maintained within a maximum range of 25% irrespective of the 

25 DGD value. 
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FIG. 7 is a conceptual diagram . illustrating the 
principle of an inventive method for simplifying the 
transmission end so as to compensate for only the PMD in 
accordance with another preferred embodiment of the present 
invention. Internal components of FIG . 7 are almost equal to 
those of FIG. 1 except for one matter where the A x phase is 
equal to the B x phase. Typically, if the length of the optical 
path is not excessively long, an optical signal-to-noise ratio 
(SNR) reduction effect caused by a PDG (Polarization-Dependent 
gain) and a PDL (Polarization-Dependent loss) is negligible. 
In this case, system deterioration caused by the PMD is the 
most serious problem inducing the limitations in an overall 
system performance. Provided that the A x phase is controlled 
to be equal to the B x phase as shown in FIG. 7, the 
transmission end may be simplified. Also, the device of FIG. 
7 further installs an automatic polarization controller 100 to 
a predetermined position next to the transmission end so as to 
remove mutual interference between bits caused by the PMD, 
such that the A x (or B x ) component is applied to a slow 
polarization axis of the optical transmission path, and the A y 
(or By) component is applied to a fast polarization axis of 
the optical transmission path. 

FIG. 8 is a block diagram illustrating a device for 
implementing the method shown in FIG. 7 in accordance with 
another preferred embodiment of the present invention. 



Referring to FIG . 8, a first intensity modulator 210 driven by 
a data signal modulates an output signal of a laser diode 200 
acting as a light source into an NRZ signal. The modulated 
signal generated from the first intensity modulator 210 is re- 
5 modulated by a second intensity modulator 220 driven by a 

clock frequency signal synchronized with the data signal, 
resulting in an RZ signal. A transmission end polarization 
controller 240 fixes a polarization direction of the RZ signal 
to a predetermined angle of 45° with respect to a polarization 

10 axis of the PMF 250, and then the RZ signal is applied to the 

PMF 250. The PMF 250 generates a difference between group 
velocities due to the polarization, such that each bit is 
divided into two polarization components and an optical signal 
generated by delaying only one of the two polarization 

15 components by a half bit is acquired as an output signal of 

the transmission end. 

FIG. 9 is a block diagram illustrating a device for 
implementing the method shown in FIG. 7 in accordance with yet 
another preferred embodiment of the present invention. 

20 Referring to FIG. 9, a first intensity modulator 210 driven by 

a data signal modulates the output signal of the laser diode 
200 acting as a light source into an NRZ signal. A 
polarization modulator 230 driven by a clock frequency signal 
synchronized with the data signal performs polarization 

25 modulation on the modulated signal received from the first 
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intensity modulator 210, resulting in two polarization 
components contained in one bit. The transmission end 
polarization controller 240 controls a polarization direction 
of the resultant polarization-modulated NRZ signal. 

As apparent from the above description, the apparatus 
and method of the present invention can effectively reduce 
system deterioration caused by a variety of factors (e.g., a 
PDG, a PDL, and a PMD) . Also, the present invention can 
effectively prevent a DOP of a signal from being re-increased 
by the PMD. Furthermore, if a signal undergoes the PMD, the 
present invention converts an NRZ signal into an RZ signal in 
association with the signal's waveform, resulting in increased 
receiver sensitivity and minimized system deterioration. 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims . 



